Background. The course of idiopathic membranous nephropathy (iMN) is variable in untreated patients. Accurate prediction of renal outcome would allow optimal treatment decisions. We demonstrated that urinary b2-microglobulin (b2M) predicted prognosis in iMN with high sensitivity and specificity. It has been suggested that focal segmental glomerulosclerosis (FSGS) is a discriminative parameter with independent prognostic value. Methods. We selected patients with iMN biopsied between 1988 and 2002. Biopsies were analysed for the presence of FSGS, interstitial fibrosis and vascular lesions. Serum creatinine, creatinine clearance, proteinuria and blood pressure were recorded at baseline. Outcome variables included remission of proteinuria, renal death (RD) defined as serum creatinine >135 mmol/l or increase of serum creatinine of >50%, or end-stage renal disease (ESRD). In a subgroup of patients, urinary b2-microglobulin (b2M) was measured. Results. We included 53 patients (33M, 20F). Mean age was 51 years, serum creatinine 99 mmol/l, and proteinuria 7.0 g/10 mmol creatinine. FSGS was present in 22 patients. These patients were characterized by a higher serum creatinine at time of biopsy (P ¼ 0.035), more severe interstitial fibrosis (P ¼ 0.001) and higher stage of membranous nephropathy (P ¼ 0.001). During follow-up 24 patients developed RD, almost equally distributed between patients with and without FSGS. Renal survival was numerically, but not significantly, lower in patients with FSGS. In Cox proportional hazard analysis, only serum creatinine at the time of biopsy was an independent predictor of RD or ESRD (P < 0.001). In patients with known urinary b2M, there was no significant correlation with FSGS score (P ¼ 0.174).
Introduction
Idiopathic membranous nephropathy (iMN) is one of the most common causes of the nephrotic syndrome in adults [1] . The course of iMN in untreated patients is variable, as approximately 34-62% develop renal insufficiency and 14-56% will have a spontaneous remission [2] . The identification of parameters that predict prognosis with sufficient accuracy would allow individualized treatment and avoid unnecessary immunosuppressive therapy. Well-known risk factors for deterioration of renal function such as proteinuria, age and sex lack sensitivity or specificity [3] [4] [5] . In previous studies, we have found that urinary b2-microglobulin (b2M) accurately predicts prognosis in patients with iMN [6] [7] [8] . Recent studies have provided evidence that morphological parameters-specifically focal segmental glomerulosclerosis (FSGS)-may be used as prognostic parameter [9] [10] [11] [12] . In the present study, we have evaluated FSGS as prognostic parameter in patients with iMN. In addition, we performed a meta-analysis of studies analysing the prognostic significance of FSGS in iMN.
five nephrology units in the Nijmegen region. Only patients with iMN were considered in this study.
Clinical data
From selected patients, their age, sex, serum creatinine, serum cholesterol, serum albumin, proteinuria (expressed per 10 mmol creatinine), creatinine clearance (ECC) calculated according to the Cockcroft Gault formula [13] , systolic and diastolic blood pressure and medication had been recorded at the time of biopsy (Table 1) , and were frequently measured during follow-up. The mean arterial pressure was calculated as the diastolic blood pressure plus a third of the pulse pressure.
In patients who were seen at the University Hospital, additional standardized measurements were done as described to determine urinary excretion of b2-microglobulin [8] .
Renal death was defined as a serum creatinine concentration of >135 mmol/l or an increase of serum creatinine of more than 50% over time. Patients who met these criteria were advised to start with immunosuppressive therapy. As described before, start of immunosuppressive therapy, because of severe nephrotic syndrome, was also considered as renal death (RD) [8] .
End-stage renal disease (ESRD) was defined as an ECC <10 ml/min. A complete remission was defined as proteinuria below 0.2 g/10 mmol creatinine and a partial remission as proteinuria between 0.2 and 2.0 g/10 mmol creatinine, without deterioration of renal function.
Follow-up started at the time of biopsy and continued until December 2003 or ended at the time of death or development of ESRD.
Pathology
All biopsy specimens were processed for light microscopy using standardized techniques. For the evaluation and quantitation of FSGS lesions we have used the biopsy slides stained with methenamine silver in which FSGS is best recognized. Biopsies with less than five glomeruli were excluded from the analysis.
The presence of FSGS was evaluated by a qualitative and a quantitative analysis. In the qualitative analysis, all available slides were screened for the presence of FSGS and tubulo-interstitial fibrosis. The risk of overlooking FSGS was thereby considered negligible. In the quantitative analysis, glomerular slides were selected at random and evaluated in detail for the extent of FSGS.
Focal glomerulosclerosis was defined as a focal lesion with mesangial matrix expansion leading to collapse of the glomerular capillary loops. The extent of sclerosis was scored by counting the number of glomerular quadrants with sclerosis. FSGS was expressed as a percentage by dividing the total score of sclerosis by four times the number of evaluated glomeruli. Globally sclerosed glomeruli were excluded in this analysis, but were included in the calculation of total sclerosis. Total sclerosis was defined as the sum of focal sclerosed glomerular quadrants and globally sclerosed glomeruli Â 4 divided by the total number of glomeruli Â 4.
The interstitium was evaluated for the presence and extent of tubulo-interstitial fibrosis, intimal fibrosis and foam cells. Tubulo-interstitial fibrosis was scored semiquantitatively on a scale of 0-3.
The glomerular deposits were evaluated by electronmicroscopy (EM) and the stage of membranous nephropathy was taken from the corresponding pathology report.
Meta-analysis
We performed a thorough search of the MEDLINE, EMBASE and Cochrane Controlled Trial Register databases. The following keywords were used: 'membranous nephropathy', 'membranous glomerulopathy', 'FSGS', 'outcome', 'remission'. The search was limited to studies published in English. The following types of studies were included: randomized controlled trials, non-randomized prospective trials and retrospective studies. Case reports were not included. Only studies analysing the outcome in patients with iMN according to the presence or absence of FSGS were considered. The primary outcome was remission of proteinuria.
Statistical analysis
Statistical analysis was performed using the SPSS version 11.0 for Windows. For differences between groups, Chi-square test, t-test and the Mann-Whitney U test were applied, if appropriate. Correlations were calculated using Spearman's correlation test.
The Kaplan-Meier univariate analysis was used to select variables associated with progression to RD. Significance was determined by the log-rank test. In order to identify independent predictive parameters, Cox proportional hazard was performed in forward stepwise fashion on variables selected by univariate analysis. For this purpose, nonparametric variables were transformed using log 10 or square root transformation. For all analyses, P < 0.05 was considered significant.
All statistical calculations for the meta-analysis were performed using the computer software Review Manager (RevMan) version 4.2.9 provided by the Cochrane Collaboration. A pooled estimate of the odds ratios with 95% confidence intervals was calculated using the randomeffects model using the DerSimonian-Laird method. A P-value <0.05 was considered significant. Heterogeneity was evaluated by using the 2 test. Given the low power of this test, a P-value <0.1 was considered significant. 
Results

Clinical and pathological findings
We identified 61 eligible patients. In eight patients, the biopsy contained an insufficient number of glomeruli. Thus, we have studied 53 patients (33 M, 20 F) with a mean (AESD) age of 51 AE 15 years. Mean follow-up was 62 AE 43 months. Mean creatinine was 99 mmol/l and mean proteinuria 7 g/10 mmol. Baseline characteristics of all patients are given in Table 1 . FSGS was present in 22 patients (41.5%). The clinical and pathological findings at baseline of patients without FSGS lesions (n ¼ 31, group I) and patients with FSGS lesions (n ¼ 22, group II) are listed in Table 2 . Patients with FSGS had a significantly higher serum creatinine and were numerically older. FSGS was significantly associated with a higher MN stage and more severe tubulo-interstitial lesions (Table 2 ). Vascular changes were also more marked in patients with FSGS, however, the differences were not statistically significant.
For the quantitative analysis of FSGS, we evaluated an average of 336 glomerular profiles per biopsy in group I (min 62, max 830) and 342 glomerular profiles per biopsy in group II (min 63, max 811). A mean of 2.3% of glomerular quadrants was sclerosed in group II (min 0.11, max 13.3%). There were significantly more obsolescent glomeruli in group II (8.1%) than in group I (4.9%), P ¼ 0.034. Serum creatinine at time of biopsy, ECC and serum cholesterol were significantly correlated with the percentage of FSGS (serum creatinine r ¼ 0.339; P ¼ 0.013; ECC r ¼ À0.333; P ¼ 0.031; serum cholesterol r ¼ À0.308; P ¼ 0.039).
Renal outcome
At the time of biopsy, serum creatinine was >135 mmol/l in four patients. Another 20 patients reached the defined end point RD during follow-up. The reason for RD was a serum creatinine >135 mmol/l in 22 patients, a rise of >50% of serum creatinine in one patient and the start of immunosuppressive therapy with normal serum creatinine in one patient.
The outcome was not different between the groups, with development of RD in 41.9% of patients without and 50% of patients with FSGS (Table 3) . Renal survival is depicted in Figure 1 . Only three patients died, two with FSGS lesions (ns). During follow-up, slightly more patients without FSGS had a complete or partial remission of proteinuria (67.7% vs 50% in group II). Also at the end of follow-up a higher proportion of 20 patients without FSGS (67.7% vs 45.5%) had a complete or partial remission. These differences were not statistically significant. A complete remission at the end of follow-up was attained in 11/31 patients without FSGS and in 4/22 patients with FSGS (ns).
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Risk factors for RD
To determine which variables were associated with the development of RD, univariate analysis was performed for all of the clinical variables ( Table 4 ). The most discriminate variable was serum creatinine at time of biopsy (P < 0.001, log-rank test). Other variables associated with progression to RD were ECC (P < 0.001), diastolic blood pressure (P < 0.001), mean arterial pressure (P ¼ 0.012), proteinuria (P ¼ 0.004) and serum albumin (P ¼ 0.035). Notably, FSGS was not associated with progression to RD (P ¼ 0.46). Cox proportional hazard analysis was performed using variables selected by univariate analysis. Serum creatinine, at time of biopsy, was the strongest independent predictive factor for progression to RD (P < 0.001). Diastolic blood pressure also had independent significant prognostic value for progression to RD (P ¼ 0.050).
Our analysis could have been biased because at the time of biopsy several patients already had decreased renal function. A subgroup analysis was, therefore, performed limited to patients with a serum creatinine at the time of biopsy of <106 mmol/l. This subgroup consisted of 39 patients, 25 without and 14 with FSGS. During follow-up, 11 patients developed RD, 7/25 without FSGS and 4/14 with FSGS (ns). In univariate analysis, serum albumin (P ¼ 0.0061), diastolic blood pressure (P ¼ 0.007) and mean arterial pressure (P ¼ 0.023) were significantly related to RD. Also in this subgroup, FSGS was not related to RD. Multivariate analysis revealed that serum albumin (P ¼ 0.005) and diastolic blood pressure (P ¼ 0.008) both had significant prognostic value for progression to RD.
In 21 patients, urinary b2-microglobulin excretion was determined. FSGS was present in eight of 21 patients. Although urinary b2-microglobulin (ub2M) was higher in patients with FSGS (ub2M: 3865.3 vs 1041 ng/min), the difference was not statistically significant. In a previous study, we have demonstrated that urinary b2-microglobulin >500 ng/min predicted outcome with high sensitivity and specificity. In the present dataset, we observed development of RD in five out of seven patients with uß2M >500 ng/min and in one of 14 patients with uß2M <500 ng/min (P < 0.01). In Figure 2 , urinary b2-microglobulin excretion is plotted against the percentage of FSGS. There was no strong correlation between these variables (P ¼ 0.17).
Meta-analysis of studies analysing the prognostic significance of FSGS in iMN
A total of seven studies, including the present study, fulfilled the inclusion criteria [9] [10] [11] [12] 14, 15] All studies were retrospective by design. Detailed data of one study were unavailable [14] . An overview of all seven studies is given in Table 5 . The study by Troyanov et al. did not report the absolute number of patients attaining a remission [15] . Only the remission rate of treated and untreated patients with and without FSGS were reported. However, given that FSGS was present in 25% of patients and the percentage of treated and untreated patients with and without FSGS was not reported to be different, we were able to extrapolate the number of patients with and without FSGS attaining a remission.
The six papers included in the review contained a total of 695 patients with membranous nephropathy (235 with FSGS and 460 without FSGS). The results show a significantly higher remission rate for patients with iMN alone (odds ratio, 2.5; 95% CI, 1.3-4.8) compared to patients with iMN and FSGS lesions (Figure 3 ). However these results must be read with caution as there was considerable heterogeneity between studies. Serum creatinine, proteinuria and blood pressure were higher in patients with FSGS, especially in studies showing a higher remission rate in patients with iMN alone. Of note, the results of the meta-analysis were not altered, if we assumed that 
Discussion
Patients with iMN would greatly benefit if their prognosis could be predicted with high accuracy. Several studies have defined risk factors for deterioration of renal function such as proteinuria, age and sex [3, 4, [16] [17] [18] . These factors, however, do not have sufficient predictive value for renal outcome to allow firm decisions about start of immunosuppressive therapy. The level and duration of proteinuria in a model introduced by the Toronto Glomerulonephritis Registry proved a better predictor [5, 19] . We recently have validated urinary excretion of b2-microglobulin and IgG as prognostic markers of iMN [6] [7] [8] . Sensitivity and specificity exceeded 85%, and when b2-microglobulin excretion and serum albumin were combined, specificity of these parameters was 100%. Several studies suggested that the presence of FSGS in the renal biopsy predicted a worse outcome in patients with iMN [9] [10] [11] [12] . In the study of Dumoulin et al., FSGS proved an independent predictor of outcome, apparently outweighing clinical parameters such as creatinine and proteinuria. The latter study prompted the current study. [12] ; remission was not defined in [11] ; normal serum creatinine level and proteinuria less than 1.0 g/d of protein in [10] ; proteinuria <0.3 g/d of protein in two consecutive samples 1 month apart in [9] ; an absence of proteinuria and normalized serum albumin concentration for at least 1 month in [14] ; a single proteinuria value 0.3 g/day in a previously nephrotic patient in [15] ; proteinuria remaining below 0.2 g/10 mmol creatinine in our series. Fig. 3 . Meta-analysis of studies evaluating the impact of FSGS on remission rate (random effects model). CI, confidence interval; OR, odds ratio.
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Evidently, FSGS did not predict outcome in our patients with iMN. Our patient cohort consisted of patients with a nephrotic range proteinuria. During follow-up, 45% of patients progressed, which is in agreement with the natural history in nephrotic patients with iMN. Obviously, there were some differences in patient characteristics related to the presence of FSGS. Patients with FSGS were somewhat older and had a significantly higher baseline serum creatinine and more proteinuria. Univariate analysis failed in identifying FSGS as a predictor of RD. Clinical and laboratory parameters proved better predictors and multivariate analysis revealed serum creatinine and diastolic blood pressure at time of biopsy as independent predictive variables.
The conclusions of our analysis could be biased by the fact that some patients already had renal insufficiency at the time of biopsy. Therefore, we separately analysed data of a subgroup of patients with normal renal function at time of biopsy. Again, we failed to identify FSGS as prognostic parameter.
Another bias could have been the inclusion of patients with biopsies containing 5-9 glomeruli. Patients with FSGS may not have been identified correctly. In our study, biopsies of 16 patients contained 5-9 glomeruli. In 11 patients, FSGS was not observed. Five of these developed RD. Even if we would assume that all these patients had FSGS, the analysis would not reveal FSGS as an independent prognostic marker.
Unfortunately, we lacked information on urinary b2-microglobulin excretion in many patients. Urinary b2-microglobulin is an accurate predictor of outcome in patients with iMN. In a validation study, using predefined threshold values, sensitivity and specificity exceeded 85%. Still, the available data show a weak correlation between percentage of FSGS and urinary b2-microglobulin excretion (Figure 2 ). This underlines the weakness of FSGS as a prognostic marker.
Several studies have evaluated FSGS as a predictor of outcome. Our meta-analysis of studies with available data shows that outcome is worse in patients with iMN and FSGS lesions. The meta-analysis does indicate that the presence of FSGS identifies highrisk patients. However, our data suggest that FSGS is not an independent risk factor, in agreement with all other studies but one. In most studies, patients with FSGS had higher serum creatinine, more proteinuria and more hypertension. A multivariate analysis was done in one of the older studies and in two recent studies, which both concluded that the presence of FSGS was not an independent predictor of outcome [9, 14, 15] . FSGS emerged as an independent prognostic factor by multivariate analysis only in the study of Dumoulin [9] . These authors studied 72 patients with iMN, FSGS being present in 42%. The patients in this study were younger and had somewhat better renal function. The outcome in these patients was rather grim, with only 24% developing persistent remission and 53% progressing to ESRD after ten years. These differences in patient characteristics may explain the different results.
Especially, the timing of renal biopsy in relation to the natural outcome of the disease may be relevant. We propose the following sequence of events in progressive iMN: proteinuria ! tubular injury reflected by increased urinary b2-microglobulin ! focal sclerosis ! renal failure. The data of Dumoulin suggest that this model may be valid: some patients without FSGS at initial biopsy progressed to renal failure. These patients were rebiopsied and in all of them the new biopsy revealed typical FSGS lesions. Thus, the presence of FSGS may be a better predictor of outcome in studies where biopsies are taken in a later phase of the disease.
It will be difficult to attain high specificity and sensitivity with histological parameters. Most studies use only qualitative measures. Furthermore, in routine practice renal biopsies often contain inadequate amounts of tissue. In our study, eight out of 61 biopsies (13%) contained less than five glomeruli. Thus, overall accuracy would never reach 90%, even if specificity was 100%. The abovementioned studies, in fact, noted a specificity of 56-59%, clearly too low to be used as a guide for treatment decisions.
In conclusion, FSGS is not an accurate predictor of renal outcome in patiens with iMN. Renal biopsy results cannot be used to guide decisions on immunosuppressive therapy.
